In the studies conducted in 2007-2012 in south-eastern Poland, 56 diatom taxa were found from the Pinnularia genus. Pinnularia brebissonii (Kützing) Rabenhorst, P. obscura Krasske, P. viridiformis Krammer, P. lundii Hustedt, and P. viridis (Nitzsch) Ehrenberg occurred at most of the investigated sites. Eighteen taxa were considered as new to Polish flora. Some taxa are very rare in Poland and Europe and are found in only a few localities. Eight taxa are listed on the Polish Red List of Algae, including six taxa classified as endangered (E): P. nobilis (Ehrenberg) Ehrenberg, P. nodosa (Ehrenberg) W. Smith, P. subrupestris Hantzsch, P. schoenfelderii Krammer, P. subgibba Krammer and P. viridiformis Krammer.
INTRODUCTION
Pinnularia Ehrenberg 1843 is one of the most species-rich genera of raphid pennate diatoms. Valves are naviculoid with three isopolar main axes; intercalary bands and septa are absent. It is mostly a fresh-water genus, most abundant in ponds, in oligotrophic and dystrophic, often acid and mesotrophic waters, with very low to moderate electrolyte content, on peatlands and on moist soil (Krammer & Lange-Bertalot 1986 , Round et al. 1990 , Rumrich et al. 2000 . The genus includes a wide spectrum of forms − from very small to the largest ones .
Studies concerning the diversity of diatom communities in the territory of the Podkarpacie Province have been conducted on the River San, downstream of the dam reservoirs SolinaMyczkowce as a result of the massive development of Didymosphenia geminata diatom in the 1990s (Kawecka, Sanecki 2003) . Over a period of a few years, the research was conducted in the territory of the Podkarpacie Province on the diversity of diatoms in running waters and in soils (Noga & Siry 2010 , Tambor & Noga 2011 , Noga et al. 2012a , Stanek-Tarkowska, Noga 2012 , Peszek et al. 2012 , Noga et al. 2013 . The studied rivers and streams are characterized by high species richness of diatoms, whereas taxa from the Pinnularia genus occur rarely, usually in the form of single cells (Noga & Siry 2010 , Noga & Peszek 2011 , Tambor & Noga 2011 , Bernat & Noga 2012 .
The aim of this study was to investigate the diatoms richness of the genus Pinnularia in southeastern Poland. The paper presents distribution, species diversity of the Pinnularia genus, basic characteristics of habitat conditions, and notes on taxa new to Poland and taxa from the Polish Red List of Algae.
MATERIALS AND METHODS

Study area
Studies were conducted in rivers and streams of south-eastern Poland, in the territory of the Middle and Eastern Beskids (Kondracki 2001) . A total of 24 rivers and streams, and 107 sampling sites were included in the studies. The San, Wisłoka and Wisłok Rivers are the largest river drainage areas in southeast Poland. Their upper parts are mountain rivers with rapid currents and rocky bottoms. In their middle and lower reaches, they are generally broad, relatively shallow and often silted. The studied rivers and streams are tributaries of these rivers, most of them are small watercourses with stony bottoms and rapid currents, often shaded in their upper parts. Streams in the northern part of the studied area are of different nature: Mleczka, Żołynianka, Jagielnia, Gołębiówka and Szuwarka, characterized by sandy or sandy-rocky bottoms. The Żołynianka stream is the only watercourse where a few small fish ponds are located, starting from the upper section. The "Rajszula" reservoir, with an area of 4.25 hectares, is located on the Jagielnia stream -a tributary of the Żołynianka stream (Lach & Wnuk 1988) .
Diatoms from the genus Pinnularia were found at 103 sampling sites, and marked on the map (Fig. 1 ).
Methods
The material was collected in 2007-2012 from all available habitats (stones, sediments, water plants). The studies were conducted for one or two years, from spring to autumn on each studied watercourses (Table 1 ). In total 562 samples were collected. The material was preserved in 4% solution of formalin. pH and conductivity were measured directly in the field with pH-meter Elmetron CP 104, and conductivity-meter Elmetron CC 101.
Laboratory processing of diatoms was carried out applying the methods used by Kawecka (2012) . In order to remove the organic matter part, the obtained material was exposed to maceration in a mixture of sulfuric acid and potassium dichromate at room temperature, and rinsed in a centrifuge (at 2500 RPM). The cleaned diatoms were embedded in Pleurax synthetic resin (refractive index 1.75).
Diatoms were identified using the light microscope "Nikon ECLIPSE 80i", and identification keys: and Hofmann et al. (2011) ; only Pinnularia schroederii was identified according to Krammer & Lange-Bertalot (1986) . Table 1 Time of sampling and the number of samples in studied watercourses Watercourses  Years  A  B  Baryczka  2010-2011  3  27  Gołębiówka  2007-2008  3  9  Jagielnia  2009-2011  4  11  Lubcza  2007-2008  3  24  Łubienka  2007-2008  3  26  Matysówka  2009-2011  4  36  Mleczka  2007-2009  6  26  Morwawa  2007-2009  6  22  Olchowaty  2011-2012  3  26  Pielnica  2007-2008  3  12  Przyrwa  2011-2012  3  24  Różnaka and tributaries  2007-2009  6  51  Ryjak  2007-2008  3  9  Rzeszowski Reservoir  2007-2009  6  24  San  2009-2010  3  48  Stobnica  2007-2008  3  12  Strug  2007-2008  3  7  Szuwarka  2007-2008  3  6  Świerkowiec  2007-2008  3  6  Trzcianka  2010-2011  3  15  Wielopolka  2007-2008  3  12  Wisłok  2007-2008  3  62  Wisłoka  2010-2011  3  39  Żołynianka  2009-2011  4 28 A -the number of sampling seasons, B -the total number of samples According to the Polish Red List of Algae in Poland (Siemińska et al. 2006) , the threatened diatoms were attributed to categories: EEndangered, V -Vulnerable, R -Rare.
The distribution in Poland (according to Sieminska nad Wołowski 2003) and in this paper was estimated on a four-degree scale as follows: very rare (1-3 records), rare (4-10 records), common (11-30 records), very common (>30 records).
RESULTS AND DISCUSSION
A total of 56 diatom taxa of the Pinnularia genus were found at 103 sites from a total of 107 sampling sites, including the most frequent: Pinnularia brebissonii (Kützing) Rabenhorst, P. obscura Krasske, P. viridiformis Krammer, P. Siemińska and Wołowski (2003) recorded only from northern Poland by Schumann (1867) . Ecology: Very rare and mostly sporadic in lower mountains; epipelic in oligotrophic waters with low to moderate electrolyte content .
Pinnularia acrosphaeria W. Smith (Fig. 71) Dimensions: length: 69.5, width: 10, number of striae in 10 µm: 12 Distribution in Podkarpacie Region: Very rare. One cell found in the upper reaches of the Olchowaty stream (Fig. 1, site 13) . pH: 6.9, conductivity: 176 µS×cm -1 . Type of substrate: mosses. Distribution in Poland: Rare species known mainly from fossil deposits (Kaczmarska 1973 , Marciniak 1973 , Marciniak & Przybyłowska-Lange 1977 , from Czarny Dunajec (Wasylik 1971 ) and ponds located in forest (Skalska & Kaczmarczyk 1980) . Ecology: Epipelic taxon, occurred mainly in tropics, widespread in the mountains, rarely in the lowlands; more frequent in waters with an average electrolyte content . Krammer (Fig. 106) Dimensions: length: 42.3, width: 10.1, number of striae in 10 µm: 12 Distribution in Podkarpacie Region: Very rare, one cell found in the upper reaches of the Jagielnia stream (Fig. 1, site 85) . pH: 7.1, conductivity: 236 µS × cm -1 . Type of substrate: sand. frauenbergiana Reichardt, Fig. 11 (Bernat & Noga 2012 , Noga 2012 . pH: 7.3-8.6, conductivity: 212-721 µS × cm -1 . Type of substrate: stones, mud.
Pinnularia anglica
Distribution in Poland: Very common in Poland (Siemińska & Wołowski 2003) .
Ecology: A cosmopolitan and common species, frequent in aerial habitats such as soil, mosses, walls, rivers and lakes , Hofmann et al. 2011 .
Pinnularia borealis var. rectangularis Carlson ( Ecology: A very rare and isolated taxon in the palearctic region; prefers waters with low mineral content . Ecology: A very rare and isolated species; occurs probably in northward . Distribution in Podkarpacie Region: Very rare, one cell was found in the upper reaches of the Matysówka stream (Fig. 1, site 65) . pH: 7.3, conductivity: 615 µS × cm -1 . Type of substrate: mosses. Distribution in Podkarpacie Region: One cell found in the Stobnica River (Fig. 1, site 46) . pH: 7.6, conductivity: 543 µS × cm -1 . Type of substrate: stones.
Distribution in Poland: New to the Polish flora.
Ecology: Occurs mainly in the form of individual specimens in boreal regions .
Pinnularia esoxiformis Fusey (Fig. 109) Dimensions: length: 73.8, width: 14.1, number of striae in 10 µm: 9 Distribution in Podkarpacie Region: Very rare, one cell found in the upper part of the Jagielnia stream (Fig. 1, site 84 ). pH: 6.5, conductivity: 158 µS × cm -1 . Type of substrate: sand.
Distribution in Poland:
Recorded only in the springs of the Łódź Hills (Żelazna-Wieczorek 2011).
Ecology: Probably a cosmopolitan species; recorded from oligotrophic waters with low to moderate electrolyte content . (Noga et al. 2013b ). pH: 6.6-7.6, conductivity: 129-451 µS × cm -1 . Type of substrate: sand, stones, mud.
The species is very common in Poland (Siemińska & Wołowski 2003) .
Ecology: Ecology of the species has not been precisely defined. According to , locally abundant in waters with low to moderate electrolyte content, mainly in springs. Ecology: The species prefers mesotrophic waters with moderate to occasionally high electrolyte content . Dimensions: length: 41.5-47.1, width: 8.5-8.9, number of striae in 10 µm: 12-13 Distribution in Podkarpacie Region: Common, developing in many of the studied watercourses (Fig.  1, (Bernat & Noga 2012 , Noga 2012 , Noga et al. 2013 . pH: 6.6-8.5, conductivity: 225-553 µS × cm -1 . Type of substrate: sand, stones, mud, macroalgae and macrophyte Distribution in Poland: As P. grunowii, it was found only in the Łódź Hills (Żelazna-Wieczorek 2011). The taxon was previously described as P. interrupta, and then as P. mesolepta, and frequently found in many areas in Poland (Siemińska & Wołowski 2003) .
Pinnularia globiceps
Pinnularia grunowii
Ecology: Cosmopolitan and common in the Holarctic region; it prefers waters with low to moderate electrolyte content and pH above 8; mainly sites with organic mud; in many places, the species occurs with maximum abundance in autumn. It develops in eutrophic flowing waters , Hofmann et al. 2011 ). Ecology: Generally distributed but not common; occurs mainly in waters with low to moderate electrolyte content . Ecology: Generally distributed and locally more frequent, mainly in swamps and ponds; it develops as large populations in oligotrophic waters with moderate electrolyte content . Ecology: Species widely distributed, but develops locally, frequently in alkaline, strongly eutrophic, β-mesosaprobous flowing waters and flooded areas with moderate electrolyte content. It prefers low temperatures of water, and is observed mainly from February to April , Hofmann et al. 2011 .
*Pinnularia interuptiformis
Pinnularia isselana
Pinnularia lundii
Pinnularia microstauron (Ehrenberg) Cleve (Figs 45-46)
Dimensions: length: 43.0-45.0, width: 9.7-11.9, number of striae in 10 µm: 9-11. Threat category: V Distribution in Podkarpacie Region: A common species, occurring in many of the studied streams (Fig. 1, Distribution in Podkarpacie Region: Rare, it occurred at four sites in the middle reaches of the Wisłok River (Fig. 1, site 30) , the Morwawa River (Fig. 1, site  41) , the Żołynianka stream (Fig. 1, site 81 ) and the Przyrwa stream (Fig. 1, site 73) . pH: 7.0-8.4, conductivity: 283-500 µS × cm -1 . Type of substrate: mud, macroalgae. Distribution in Poland: Very common in Poland, previously identified as Pinnularia major (Siemińska & Wołowski 2003) .
Ecology: Cosmopolitan, generally not rare especially in northern regions. Widely distributed species, mainly in lentic waters and peatlands, oligo-to dystrophic with low electrolyte content , Hofmann et al. 2011 . Ecology: A rare species, developing in the form of single specimens, mainly in lakes in northern Germany (Hofmann et al. 2011) .
Pinnularia nobilis (Ehrenberg
Pinnularia nodosa (Ehrenberg) W. Smith (Figs 55-57)
Dimensions: length: 25.8-44.1, width: 6.7-6.9, number of striae in 10 µm: 10-11 Threat category: E Distribution in Podkarpacie Region: Rare, occurring as single cells in the upper sections of Jagielnia (Fig.  1, sites 84-85) , Żołynianka (Fig. 1, site 79) , Baryczka (Fig. 1, site 18 ) and Olchowaty streams (Fig. 1, sites 13-14) (Noga et al. 2013b ). pH: 6,8-7.2, conductivity: 130-319 µS × cm -1 . Type of substrate: stones, sand, mud.
Distribution in Poland: A commonly occurring species (Siemińska & Wołowski 2003) .
Ecology: It occurs in flowing waters, springs and bogs of Central Europe, with low electrolyte content and pH below 5.5 (Hofmann et al. 2011 ).
* Pinnularia nodosa var. robusta (Foged) Dimensions: length: 52.5-53.5, width: 8.5-9.5, number of striae in 10 µm: 10 Distribution in Podkarpacie Region: Rare, occurring as single cells in the upper sections of the Żołynianka and Jagielnia streams (Fig. 1, sites: 79, 84) . pH: 6.8, conductivity: 227-245 µS × cm -1 . Type of substrate: sand Distribution in Poland: New to the Polish flora.
Ecology: Rare, sporadic records from different types of waters in Europe . Ecology: A common species in the waters of lower mountain regions in Europe and in Scandinavia .
Pinnularia obscura
Pinnularia oriunda Krammer (Figs 89-91)
Dimensions: length: 62.5-101.3, width: 12.2-16.7, number of striae in 10 µm: 10 Distribution in Podkarpacie Region: A frequent taxon occurring as single specimens, in most of the studied watercourses (Fig. 1, sites: 18, 21 -the Baryczka stream, 27-28, 30, 39 -the Wisłok River, 36 -the Rzeszowski Reservoir, 44 -the Pielnica River, 45 -the Stobnica River, 55 -the Różanka stream tributaries, 61 -the Ryjak River, 65, 67-68, 70 -the Matysówka stream, 75-76 -the Trzcianka stream, 53, 84-85 -the Jagielnia stream, 79-80, 82-83 -the Żołynianka stream, 87-89 -the Melczka River) (Bernat, Noga 2012 , Noga 2012 . pH: 6.6-8.6, conductivity: 299-645 µS × cm -1 . Type of substrate: stones, sand, mud, macrophytes.
Distribution in Poland:
A species recorded in Poland in e.g. springs of the Łódź Hills (Żelazna-Wieczorek 2011).
Ecology: A cosmopolitan species occurring mainly in habitats with moderate to high electrolyte content . Krammer (Fig. 88) Dimensions: length: 123.0, width: 18.5, number of striae in 10 µm: 7 Distribution in Podkarpacie Region: Very rare, only one cell was found in the upper section of the Żołynianka stream (Fig. 1, site 80) , pH: 7.2, conductivity: 250 µS × cm -1 . Type of substrate: sand. Distribution in Poland: New to the Polish flora.
*Pinnularia oriundiformis
Ecology: Recorded form fish ponds, not rare, in mesotrophic waters with moderate electrolyte content . Ecology: A common species in acid streams, with low electrolyte content, in the boreal to subarctic region, more common in the flowing waters, in the lowlands and mountains of medium height, rarely observed in standing waters in mountainous areas , Hofmann et al. 2011 ). Krammer & Metzeltin (Fig. 50) Dimensions: length: 82.5-84.0, width: 10.7-11.0, number of striae in 10 µm: 11 Distribution in Podkarpacie Region: Very rare, only single cells were observed in the Olchowaty stream (Fig. 1, site 12) . pH: 7.1, conductivity: 128 µS×cm -1 . Type of substrate: stones. Distribution in Poland: New to the Polish flora. Ecology: A rare species, occurs in northern areas . Distribution in Podkarpacie Region: Very rare, only single cells were observed in the upper section of the Żołynianka stream (Fig. 1, sites 79-80) . pH: 7.1, conductivity: 235-265 µS × cm -1 . Type of substrate: sand.
Pinnularia perrirorata
*Pinnularia permicrostauron
*Pinnularia rhenohassiaca
Ecology: In mesotrophic to moderately eutrophic waters, i.e. fish ponds .
*Pinnularia rhombarea var. halophila Krammer ( Ecology: Found in saline waters (i.e. the Rhine), conductivity above 1000 µS×cm -1 .
*Pinnularia rhombarea var. undulata Krammer (Fig. 66) Dimensions: length: 135.8, width: 24.3 , number of striae in 10 µm: 5 Distribution in Podkarpacie Region: Very rare, only one cell was found in the upper section of the Różanka stream (Fig. 1, site 48) . pH: 7.3 conductivity: 467 µS×cm -1 . Type of substrate: stones. Distribution in Poland: New to the Polish flora.
Ecology: Known from some fish ponds with moderate elyctrolyte content in Germany .
*Pinnularia rhombarea var. variarea , number of striae in 10 µm: 11-13 Distribution in Podkarpacie Region: Very rare, only single cells were found in the lower section of the Żołynianka stream (Fig. 1, site 82) . pH: 7.0-8.1, conductivity: 344-371 µS×cm -1 . Type of substrate: stones.
Ecology: Similar to that of varietas undulata . (Noga & Peszek 2011 . pH: 6.7-8.2, conductivity: 158-435 µS×cm -1 . Type of substrate: stones, sand, mud, mosses. Distribution in Poland: Rare species, found springs of the Łódź Hills (Żelazna-Wieczorek 2011).
Pinnularia subrupestris
Ecology: The palearctic region, mostly oligotrophic and oxygen rich waters with low electrolyte content, especially swamps and moors . , number of striae in 10 µm: 14-16. Threat category: E Distribution in Podkarpacie Region: Common in the form of single specimens, in many of the studied watercourses (Fig. 1, sites: 2 (Noga, Peszek 2011 . pH: 6.7-7.5, conductivity: 340-616 µS × cm -1 . Type of substrate: stones, sand, mosses, mud.
Pinnularia schoenfelderi
Distribution in Poland:
For the first time recorded in Poland in the Bór na Czerwonem Reserve (Wojtal et al. 1999) and in the springs of the Łódź Hills (Żelazna-Wieczorek 2011).
Ecology: A cosmopolitan species in oligotrophic waters with low to moderate electrolyte content; frequently occurs in anthropogenically transformed waters, oligo-to dystrophic and peatlands , Hofmann et al. 2011 . (Fig. 1, site  18) . pH: 6.5, conductivity: 233 µS × cm -1 . Type of substrate: mosses.
For the first time recorded in Poland in the Bór na Czerwonem Reserve (Wojtal et al. 1999) .
Ecology: Found in Europe and South Africa, aerial species, mountain diatom, rarely also as an epiphyte on peatlands (Krammer & Lange-Bertalot 1986) . Dimensions: length: 50.0-51.6, width: 10.3-10.4, number of striae in 10 µm: 10-12 Distribution in Podkarpacie Region: Very rare diatom, occurred in the form of single specimens in the middle and lower sections of the Baryczka stream (Fig. 1, sites 19, 21) (Noga & Peszek 2011) . pH: 7.6-7.7, conductivity: 297-299 µS × cm -1 . Type of substrate: mosses. Distribution in Poland: Recorded in the Kraków-Częstochowa Upland (Wojtal 2009 ) and in the springs of the Łódź Hills (Żelazna-Wieczorek 2011).
Pinnularia septentrionalis
Ecology: Generally distributed species but not abundant in oligotrophic waters with low electrolyte content in the northern and subarctic regions . Distribution in Podkarpacie Region: Rare species, single specimens were found in the upper sections of the Matysówka stream , the Jagielnia stream and the San River, (Fig. 1, sites: 3 -the San River, 18 -the Baryczka stream, 65 -the Matysówka stream, 84 -the Jagielnia stream). pH: 6.7-8.4, conductivity: 328-620 µS × cm -1 . Type of substrate: sand.
Pinnularia silvatica
Distribution in Poland:
Recorded for the first time in Poland in the Bór na Czerwonem Reserve (Wojtal et al. 1999) .
Ecology: Unknown because previous identifications are uncertain . Dimensions: length: 27.8-37.3, width: 4.2-5.2, number of striae in 10 µm: 11-14 Distribution in Podkarpacie Region: Common as single specimens, mainly in the upper and middle sections of the studied watercourses (Fig. 1, (Noga 2012 , Bernat & Noga 2012 , Noga et al. 2013b ). pH: 6.8-8.4, conductivity: 165-410 µS × cm -1 . Type of substrate: stones, sand, mud, mosses. Distribution in Poland: Rare species, found e.g. in the Bór na Czerwonem Reserve (Wojtal et al. 1999) , the Modlniczka peatland near Kraków (Piątek 2007 ) and the springs of the Łódź Hills (Żelazna-Wieczorek 2011).
Pinnularia sinistra
Ecology: Cosmopolitan, widespread and locally abundant species; mainly in oligotrophic and acid waters with low mineral content .
Pinnularia streptoraphe Cleve (Fig. 119 ) .0, number of striae in 10 µm: 5. Threat category: R Distribution in Podkarpacie Region: Very rare, only two specimens found in the upper sections of the Jagielnia stream (Fig. 1, site 84) . pH: 7.1, conductivity: 235 µS × cm -1 . Type of substrate: mud.
Distribution in Poland: A rare species found e.g. in fossil deposits (Kaczmarska 1976 , 1977 , Przybyłowska-Lange 1976 , 1979 , Marciniak & Przybyłowska-Lange 1977 , and peatland areas (Rumek 1946 , Podbielkowski 1967 .
Ecology: Cosmopolitan, confirmed as a zonal element of the palearctic area; a very rare and commonly isolated species, more frequent in northern areas than in Central Europe; prefers oligoto dystrophic waters with low electrolyte content and low pH .
Pinnularia subcapitata Gregory (Figs 36-37)
Dimensions: length: 32.3-35.8, width: 4.6-5.1, number of striae in 10 µm: 12-13 Distribution in Podkarpacie Region: Rare, single specimens recorded in several of the studied watercourses (Fig. 1, sites: 18 -the Baryczka stream, 46 -the Stobnica River, 80 -the Żołynianka stream, 88 -the Mleczka River) , Noga et al. 2013b ). pH: 6.6-8.4, conductivity: 167-328 µS × cm -1 . Type of substrate: sand, mud.
Distribution in Poland: Very frequent (Siemińska & Wołowski 2003) .
Ecology: A cosmopolitan species in the palearctic region; locally abundant in the upper reaches of watercourses; it prefers oligotrophic, low in electrolytes and acid waters , Hofmann 2011 ).
Pinnularia subcapitata var. elongata Dimensions: length: 43.8-49.0, width: 6.0-6.5, number of striae in 10 µm: 12 Distribution in Podkarpacie Region: Rare, single specimens recorded in several studied watercourses (Fig. 1, sites: 1 -the San River, 19 -the Baryczka stream, 25 -the Wisłok River, 77 -the Gołębiówka stream, 78 -the Szuwarka stream, 91 -the Wisłoka River) (Noga 2012 , Noga et al. 2013b . pH: 6.7-8.4, conductivity: 212-492 µS × cm -1 . Type of substrate: Stones, sand, mud.
Distribution in Poland:
For the first time recorded in Poland in the Bór na Czerwonem Reserve (Wojtal et al. 1999) , occurs also in North-West Poland (Witkowski et al. 2011) . Ecology: Probably an abundant species in the northern areas, in oligo-to mesotrophic waters with low to moderate electrolyte content, not rare in Central Europe .
Pinnularia subcommutata var. nonfasciata Ecology: A cosmopolitan but uncommon species, usually occurs as single specimens, mostly in electrolyte poor and oligotrophic waters . According to the Polish Red List of Algae (Siemińska et al. 2006) , six taxa of the genus Pinnularia were classified as endangered (E): P. nobilis, P. nodosa, P. subrupestris, P. schoenfelderii, P. subgibba and P. viridiformis. In south-eastern Poland, P. subrupestris, P. schoenfelderii, and P. viridiformis were recorded in many rivers and streams (Noga 2012; Noga et al. 2012; Pajączek et al. 2012; Noga et al. 2013a, b, c) , whereas in other parts of Poland, they are recorded from a few sites only (Siemińska et al. 2006 , Piątek 2007 , Wojtal 2009 , Żelazna-Wieczorek 2011 . The study showed that these taxa occur as single specimens in different types of waters, especially in the upper reaches of watercourses. They probably occur in other watercourses in Poland, however, their occurrence is still insufficiently researched. Pinnularia schoenfelderi was most frequent in the upper reaches of the studied watercourses, in a small number of specimens. It is known from central Poland where it develops in circumneutral waters (Żelazna-Wieczorek 2011). The species was often found on acid fallow lands in southern Poland, where in spring and summer it reached about 20% of the community composition (Pajączek et al. 2013, Stanek-Tarkowska -unpublished data) It seems that P. schoenfelderi similar as P. obscura prefers soil habitat, especially with low pH.
Pinnularia viridiformis
